Introduction
============

Intrahepatic cholangiocarcinoma (ICC) originates directly from intrahepatic biliary epithelial cells and additionally from the transdifferentiation of hepatocytes ([@b1-mmr-12-06-7915],[@b2-mmr-12-06-7915]). ICC is highly malignant and the incidence has increased over the recent decades ([@b3-mmr-12-06-7915]--[@b5-mmr-12-06-7915]). The incidence of ICC, which varies substantially worldwide, is approximately 15% of all cases of primary liver cancer ([@b6-mmr-12-06-7915],[@b7-mmr-12-06-7915]). Currently, surgical excision is considered the only possible curative treatment for early stage patients with ICC. However, fewer than 40% of all patients are eligible for surgery due to non-specific clinical presentation and the current lack of effective diagnostic systems for ICC ([@b8-mmr-12-06-7915]--[@b10-mmr-12-06-7915]). In addition, the surgical prognosis for patients with ICC is poor, with a recurrence rate of 60% and a median disease-free survival of 26 months ([@b11-mmr-12-06-7915]--[@b13-mmr-12-06-7915]).

The mechanisms leading to high-grade malignancy and recurrence rates remain unclear ([@b14-mmr-12-06-7915]). Although the 7th Edition Staging Manual of the American Joint Committee on Cancer for ICC is relatively new, clear associations between the clinicopathological features and prognosis remain unclear ([@b15-mmr-12-06-7915]). Thus, studies on the pathogenesis and prognosis of ICC are gaining interest worldwide.

Long non-coding RNAs (lncRNAs) are RNA molecules greater than 200 nucleotides in length and have been determined to serve various important roles in tumorigenesis ([@b16-mmr-12-06-7915],[@b17-mmr-12-06-7915]). For instance, differential display code 3, a prostate cancer-specific lncRNA, may be detected in urine and used for the early diagnosis of prostate cancer ([@b18-mmr-12-06-7915],[@b19-mmr-12-06-7915]). Metastasis-associated lung adenocarcinoma transcript 1 is a potential diagnostic biomarker in addition to being a potential prognostic biomarker that is upregulated in metastatic non-small cell lung carcinoma, breast cancer, pancreatic cancer and prostate cancer ([@b20-mmr-12-06-7915],[@b21-mmr-12-06-7915]). In addition, the expression of HOX transcript antisense RNA and H19 is associated with various types of tumor ([@b22-mmr-12-06-7915],[@b23-mmr-12-06-7915]). However, the mechanisms by which lncRNAs contribute to ICC remain to be fully elucidated.

In the present study, the expression profiles of genes and lncRNAs in ICC were analyzed using bioinformatics. This indicated that carbamoyl-phosphate synthase 1 (CPS1) and its lncRNA, CPS1 intronic transcript 1 (CPS1-IT1), are significantly co-upregulated. CPS1 is a gene in 2q34 of the human chromosome and encodes the CPS1 protein, which is the first key enzyme in the urea cycle (<http://www.genecards.org/cgi-bin/carddisp.pl?gene=CPS1&keywords=cps1>). Deficiencies in CPS1 can result in brain damage, coma or other central nervous system dysfunctions ([@b24-mmr-12-06-7915]). CPS1-IT1 is a 2,306-base RNA molecule transcribed by the CPS1 gene from 211,482,295-211,484,600 base pairs (<http://www.genecards.org/cgi-bin/carddisp.pl?gene=CPS1-IT1&keywords=CPS1-IT1>). The roles of CPS1 and CPS1-IT1 in ICC remain to be fully elucidated, therefore were investigated in the current study.

Materials and methods
=====================

Patients and specimens
----------------------

A total of 31 patients with ICC who underwent surgery at the Eastern Hepatobiliary Surgery Hospital, Second Military Medical University (Shanghai, China) between 2011 and 2013 were enrolled in the current study. All patients underwent a resection of the primary cancer. No patients received chemotherapy or radiotherapy prior to or following surgery. The resected cancer tissues and non-tumorous tissues specimens were immediately frozen in liquid nitrogen and maintained at −80°C until the extraction of RNA, immunohistochemistry, and immunofluorescence were conducted. Written informed consent was obtained from all patients. The follow-up ranged from 1--35 months with a median of 18 months.

Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) detection of CPS1 mRNA and CPS1-IT1
----------------------------------------------------------------------------------------------------------

RT-qPCR is the gold standard for the quantification of DNA and RNA. cDNA was generated using the GoScript Reverse Transcription System (Qiagen GmbH, Hilden, Germany) from 1 *µ*g RNA. qPCR was conducted using the GoTaq qPCR Master Mix (Qiagen GmbH) with an Mx3005P qPCR System (Agilent Technologies, Inc., Santa Clara, CA, USA). The sequences of the PCR primers used were as follows: CPS1, sense 5′-TTT AGG GCA ATG GCT ACA GG-3′ and antisense 5′-GTT CTG CAA GAG CTG GGT TC-3′; CPS1-IT1, sense 5′-CAC AGA TGA TCC ACG GCG TT-3′ and antisense 5′-GCG TGC ATC AAT GAC ACT TCA-3′; GAPDH, sense 5′-CGG AGT CAA CGG ATT TGG TCG TAT TGG-3′ and antisense 5′-GCT CCT GGA AGA TGG TGA TGG GAT TTC C-3′; u6, sense 5′-CTC GCT TCG GCA GCA CA-3′ and antisense 5′-AAT GCT ATC ACC TCC CCT GTG T-3′. The data were analyzed using the ΔCt method or 2^−ΔΔCt^ ([@b25-mmr-12-06-7915],[@b26-mmr-12-06-7915]). All data were presented as the mean ± standard deviation of three independent experiments.

Cell culture
------------

The L-02 normal human liver cell line and the Huh-7 and Bel-7402 cell lines were provided by the Cell Bank of Type Culture Collection of Chinese Academy of Sciences (Shanghai, China). The ICC-9810, HepG2 and MHCC-97L cells lines were provided by the Second Military Medical University (Shanghai, China). Cells were maintained in RPMI 1640 medium containing 10% fetal bovine serum (FBS; Invitrogen Life Technologies) and penicillin/streptomycin (GE Healthcare Life Sciences, Logan, UT, USA) at 37°C in a humidified 5% CO~2~ atmosphere ([@b27-mmr-12-06-7915]).

CPS1 and CPS1-IT1 RNA interference (RNAi)
-----------------------------------------

CPS1-specific siRNA (Silencer™ Predesigned siRNA; sense GCA GCA UUG ACC UAG UGA UTT and antisense AUC ACU AGG UCA AUG CUC GCTT), CPS1-IT1-specific siRNA (Silencer™ Predesigned siRNA; sense CGA GUU CUA AAG UCC GAUATT and antisense UAU CGG ACU UUA GAA CUCGTT) and negative control siRNA (Silencer™ Negative Control siRNA) were purchased from Life Technologies (Grand Island, NY, USA). The ICC-9810 cells were assigned to the following treatment groups: A siCPS1 group, a siCPS1-IT1 group, a siCPS1 + siCPS1-IT1 group, and a negative control siRNA group. The ICC-9810 cells were cultured overnight until they were 80% adherent. siRNA oligomers were diluted with Opti-MEM^®^ I Reduced Serum medium (Invitrogen Life Technologies, Carlsbad, CA, USA) and incubated for 5 min at room temperature. The siRNA oligomers (final concentration, 20 nmol) were mixed with the Lipofectamine^®^ 2000 (7.5 ml/well; Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA) and incubated for 20 min at room temperature to allow siRNA-Lipofectamine^®^ 2000 complexes to form. The siRNA-Lipofectamine^®^ 2000 complexes were added to each well at a final concentration of 50 pmolml. The cells were incubated in a humidified atmosphere (37°C and 5% CO~2~) and the RPMI-1640 medium supplemented with 10% FBS was replaced following 4 h.

Immunohistochemistry and immunofluorescence
-------------------------------------------

Following rinsing with Paraplast^®^ Tissue Embedding Medium (Leica Microsystems GmbH, Wetzlar, Germany), tissue specimens from patients with ICC were embedded in paraffin (Leica Microsystems GmbH), prior to being cut (4 *µ*m thick) for immunohistochemistry using a microtome (RM2265; Leica Microsystems GmbH). Deparaffinization was conducted by treating the cells with xylene for 10 min; 100% ethanol for 1 min, 95% ethanol for 1 min, 85% ethanol for 1 min, and 75% ethanol for 1 min (Shanghai Chemical Reagent Co., Ltd., Shanghai, China). Endogenous peroxidase activity was then blocked using 0.3% H~2~O~2~ in methanol (Shanghai Chemical Reagent Co., Ltd., Shanghai, China) for 30 min following deparaffinization. Antigen retrieval was conducted using antigen unmasking solution (Vector Laboratories, Inc., Burlingame, CA, USA) and microwaving at medium/high heat for 15 min, keeping the solution boiling, followed by treatment with 5% skimmed milk in phosphate-buffered saline (PBS)-0.1% bovine serum albumin \[Bioengineering (Shanghai) Ltd., Shanghai, China\] for a minimum of 1 h at room temperature to block nonspecific staining.

The slides were incubated with antibodies targeting rabbit polyclonal CPS1 (1:1,000; cat. no. ab45956; Abcam, Cambridge, UK) at 4°C overnight. Sections were incubated with secondary antibodies (MP-7401; Vector Laboratories, Inc., Burlingame, CA, USA) at 37°C for 1 h, and visualization of antigen-antibody reactions was achieved using 3,3′-diaminobenzidine (SK-4100; Vector Laboratories, Inc.). Tissue structures were visualized by counterstaining with hematoxylin \[Bioengineering (Shanghai) Ltd.\].

For immunofluorescence, 5-*µ*m frozen sections were cut using Cryocut (CM1850; Leica Microsystems Gmbh) and fixed in ice-cold acetone-methanol (1:1; Shanghai Chemical Reagent Co., Ltd.) for 30 min on ice. The slides were then incubated with rabbit monoclonal anti-Ki67 (Novus, 1:4,000; cat. no. ab16667; Abcam) in Tris-buffered saline with Tween-20 \[Bioengineering (Shanghai) Ltd.\] containing 5% non-fat dried milk at 4°C overnight. Following three washes in PBS, the primary antibody was detected using a fluorescein isothiocyanate-conjugated goat anti-rabbit IgG secondary antibody (cat. no. ab6717; Molecular Probes Life Technologies, Carlsbad, CA, USA) at 37°C for 1 h. The sections were stained for 2 min with DAPI (D21490; Thermo Fisher Scientific, Inc.) following three washes with PBS. Sections were imaged using a Zeiss Axioskop (Zeiss, Oberkochen, Germany) fluorescence microscope equipped with a charge coupled device imaging system and Calypso 4.0 software (Zeiss) as previously described ([@b28-mmr-12-06-7915]).

Western blotting
----------------

The cells or tissue samples were lysed in lysis buffer containing 250 mM NaCl, 1% NP-40, 50 mM Tris-HCL (pH 7.4) and 0.5% sodium deoxycholate \[Bioengineering (Shanghai) Ltd., Shanghai, China\]. The samples were then subjected to centrifugation at 18,894 x g for 15 min at 4°C. The protein samples were loaded onto 10% SDS-PAGE prior to being electrotransferred onto polyvinylidene difluoride membranes (EMD Millipore, Billerica, MA, USA) as previously described ([@b29-mmr-12-06-7915]). Following blocking with skimmed milk (Nestle (China), Ltd., Beijing China), the membranes were incubated with primary antibodies targeting rabbit polyclonal anti-CPS1 (cat. no ab45956; Abcam) at 4°C overnight. The membranes were then washed three times and incubated with horseradish peroxidase-conjugated goat anti-rabbit IgG secondary antibodies (cat. no. ab6721; Abcam) at room temperature for 40 min. The chemiluminescent signal was detected using a Chemiluminescence Imaging system (ChemiScope 3600 Mini; Clinx, Shanghai, China).

In vitro proliferation assay
----------------------------

Cell proliferation and viability were assessed using the Cell Counting Kit-8 (CCK8, Dojindo Molecular Technologies, Inc., Kumamoto, Japan) according to the manufacturer\'s instructions. The cells from the siCPS1, siCPS1-IT1, siCPS1 + siCPS1-IT1 and the control (scramble) groups were seeded at a density of 2,000 cells/well on 96-well plates and cultured in 5% CO~2~ at 37°C for 24 h. The media was replaced every 24 h. Subsequently, CCK8 was added and the plates were incubated for 2 h. Absorbance (A) was read at 450 nm using a microplate reader (Multiskan FC; Thermo Fisher Scientific, Inc.) and the percentage cell viability was calculated based on the following formula: Cell viability (%) = \[A(dose)−A(blank)\]\[(A(0 dose)−A(blank)\] × 100. Proliferation was measured in all groups at 24, 48, 72 and 96 h following the addition of siRNA as previously described ([@b30-mmr-12-06-7915]).

Flow cytometric analysis
------------------------

The cells from the siCPS1, siCPS1-IT1, siCPS1 + siCPS1-IT1 and the negative control siRNA groups were seeded into 6-well plates at a density of 1×10^5^ cells/well with RPMI-1640 medium, harvested and rinsed twice using PBS. Following centrifugation at 112 x g and 4°C for 5 min, the cells were resuspended in 100 *µ*l binding buffer \[Bioengineering (Shanghai) Ltd.\]. Dissociated cells were stained with 5 *µ*l Annexin V and 5 *µ*l propidium iodide (BD 55654; BD Biosciences, San Jose, CA, USA) for 20 min at room temperature. Cells (10,000/sample) were collected and analyzed using a FACScan flow cytometer (BD Biosciences). The data were analyzed with CellQuest software (BD Biosciences).

Bioinformatics analysis
-----------------------

The human genes and lncRNAs microarray was conducted using the genechip Affymetrix Human Genome U133 Plus 2.0 Array (GEO accession number, GPL570; Affymetrix, Inc., Santa Clara, CA, USA). Intrahepatic cholangiocarcinoma gene and lncRNA expression data used in the present study were obtained from the Gene Expression Omnibus (GEO) database (<http://www.ncbi.nlm.nih.gov/geo/query/acc.cgi?acc=GSE32958>). The data resource was detected using GeneChip^®^ Human Genome U133 Plus 2.0 Array (Affymetrix, San Francisco, CA, USA). The gene chip contains 54,676 probes. It can analyze the mRNA levels of 19,850 genes and the expression data of 5,635 lncRNAs ([@b31-mmr-12-06-7915]). The raw CEL files were downloaded, the quantile was normalized and the background adjusted ([@b32-mmr-12-06-7915],[@b33-mmr-12-06-7915]). The differential factors in intrahepatic cholangiocarcinoma were screened using R (version 3.1.0) AFFY program package (Auckland University, Auckland, New Zealand). Log2 (fold change)\>1 represents upregulation of genes or lncRNAs, log2 (fold change)\<1 represents downregulation of genes or lncRNAs ([@b34-mmr-12-06-7915]). In addition, P\<0.01 was considered to indicate a statistically significant difference. Significantly differentially expressed genes and lncRNAs were extracted by volcano plot analysis with the filtering criteria of a 10.0-fold change and P\<0.01 using GeneSpring GX software, version 7.3 (Agilent Technologies, Inc., Santa Clara, CA, USA).

Statistical analysis
--------------------

The continuous variables were expressed as the mean ± standard deviation. The association between the expression of CPS1 and CPS1-IT1 and the clinicopathological factors and *in vitro* assay data were analyzed using Student\'s t-test, the Mann-Whitney U test and repeated measures analysis of variance. The overall survival curves and disease-free survival curves were plotted according to the Kaplan-Meier method measured from the day of surgery to the end of follow-up. The log-rank test was used for the comparison of survival data. P\<005 was considered to indicate a statistically significant difference. Statistical analysis was performed using SPSS software, version 19.0 (IBM SPSS, Armonk, NY, USA).

Results
=======

CPS1 and CPS1-IT1 are co-expressed in ICC tissue
------------------------------------------------

The expression of human genes and lncRNAs were analyzed in ICC and non-tumorous tissues using bioinformatics and the results are presented in [Fig. 1A](#f1-mmr-12-06-7915){ref-type="fig"}. The genes and lncRNAs exhibiting the greatest significant differences in expression between ICC and non-tumorous tissues were screened ([Table I](#tI-mmr-12-06-7915){ref-type="table"}). The lncRNA CPS1-IT1 and its host gene CPS1 were observed to be co-expressed in ICC tissue (P\<0.001; [Table I](#tI-mmr-12-06-7915){ref-type="table"}).

Expression of CPS1 mRNA and CPS1-IT1 is upregulated in clinical tissue specimens
--------------------------------------------------------------------------------

The expression of CPS1 mRNA and CPS1-IT1 in ICC and non-tumorous tissues was measured using RT-qPCR, normalized to GAPDH mRNA and u6, respectively. The expression levels are presented as ΔCt values. A total of 26 (83.87%) of the 31 ICC samples exhibited CPS1 mRNA expression \>1.00, and the CPS1-IT1 relative expression was \>1 in all 31 (100%) of the cancer tissue samples ([Fig. 1B](#f1-mmr-12-06-7915){ref-type="fig"}). The P-value of ΔCt between cancer tissues (8.39±3.15) and non-tumorous tissues (9.82±3.78) was 0.09 ([Fig. 1C](#f1-mmr-12-06-7915){ref-type="fig"}). The ΔCt values of CPS1-IT1 in cancer tissues (8.55±1.38) were significantly reduced compared with non-tumorous tissue (11.10±0.47) (P\<0.001; [Fig. 1D](#f1-mmr-12-06-7915){ref-type="fig"}). In addition, the relative expression levels (2^−ΔΔCt^; fold change) of CPS1 and CPS1-IT1 were significantly increased compared with non-tumorous tissue (CPS1 mRNA, 4.30±5.26, P\<0.001; CPS1-IT1, 8.93±10.05, P\<0.001).

CPS1 protein is upregulated in ICC specimens
--------------------------------------------

Four pairs of cancer and non-tumorous tissues were randomly selected from the above 31 pairs of ICC specimens to measure the expression of CPS1 protein using western blotting. The patient ID numbers were 11, 15, 22 and 28. The CPS1 protein expression levels were greater in cancer tissues than in non-tumorous tissues in the first three cases, and the grey levels were similar ([Fig. 2A](#f2-mmr-12-06-7915){ref-type="fig"}). This result is in agreement with the above-mentioned RT-qPCR result.

CPS1 mRNA and CPS1-IT1 are co-expressed in ICC cells
----------------------------------------------------

The expression levels of CPS1 mRNA and CPS1- IT1 were measured in L-02 normal liver cells, ICC-9810 cells and HepG2, MHCC-97L, Huh-7 and Bel-7402 hepatocellular carcinoma cell lines using RT-qPCR. The expression levels were reported as ΔCt values. The ΔCt values of CPS1 mRNA and CPS1-IT1 in ICC-9810 cells were significantly reduced compared with the expression in L-02 cells (P=0.05; [Fig. 2B and C](#f2-mmr-12-06-7915){ref-type="fig"}). In addition, similar results were observed in the Huh-7 cells, as compared with the L-02 cells. However, no significant differences were observed in the expression levels of CPS1 mRNA and CPS1-IT1 in L-02 cells compared with the remaining hepatocellular carcinoma cell lines investigated ([Fig. 2B and C](#f2-mmr-12-06-7915){ref-type="fig"}).

CPS1 protein expression is upregulated in ICC tissues as measured by immunohistochemical staining
-------------------------------------------------------------------------------------------------

Immunohistochemical results indicated that CPS1 protein was highly expressed in the ICC tissue specimens. The ICC tissues exhibited increased expression levels of CPS1 compared with normal liver tissue and hepatocellular carcinoma tissue ([Fig. 2D](#f2-mmr-12-06-7915){ref-type="fig"}). The immunohistochemical staining results demonstrated that CPS1 protein expression was upregulated in ICC tissue samples ([Fig. 2D](#f2-mmr-12-06-7915){ref-type="fig"}).

Expression of CPS1 mRNA and CPS1-IT1 in ICC cell lines subject to RNAi
----------------------------------------------------------------------

CPS1 and CPS1-IT1 knockdown ICC cell lines were generated using RNAi, in addition to a negative control cell line. The expression of CPS1 mRNA and CPS1-IT1 in each group was measured using RT-qPCR. The results are presented in [Fig. 3A](#f3-mmr-12-06-7915){ref-type="fig"} and indicate that the expression levels of CPS1 and CPS1-IT1 were reduced by RNAi mediated knock down in the ICC-9810 cells.

CPS1 and CPS1-IT1 knockdown inhibits ICC cell proliferation and accelerated cell apoptosis
------------------------------------------------------------------------------------------

The CCK8 determination of cell proliferation is presented in [Fig. 3B](#f3-mmr-12-06-7915){ref-type="fig"}. The OD 450 values of the scramble group were significantly different compared with the siCPS1, siCPS1-IT1 and siCPS1 + siCPS1-IT1 groups on days 3 and 4 of incubation with siRNA (P3=1.16×10^−5^; P4=8.04×10^−6^). In addition, significant differences in the OD 450 values were observed between the siCPS1 group and the siCPS1-IT1 group on day 3 (P= 0.022). There were no significant differences in the OD 450 values between the remaining groups. These data demonstrate that knockdown of CPS1 or CPS1-IT1 inhibits the proliferation of ICC cells.

The level of apoptosis was measured using flow cytometry following 4 days in culture with siRNA. The apoptotic rates of the scramble, siCPS1, siCPS1-IT1 and siCPS1 + siCPS1-IT1 groups were 2.742, 3.126, 10.021 and 15.49%, respectively ([Fig. 3C--3F](#f3-mmr-12-06-7915){ref-type="fig"}).

The immunofluorescence results are presented in [Fig. 4](#f4-mmr-12-06-7915){ref-type="fig"}. Cell proliferation was detected using Ki67. The intensity of Ki67 staining was reduced in the ICC cell lines in the siCPS1 and/or siCPS1-IT1 groups, as compared with the negative control siRNA group. These data suggest that CPS1 and/or CPS1-IT1 knockdown inhibits ICC cell proliferation.

Increased CPS1 mRNA and CPS1-IT1 expression affects the prognosis of patents with ICC
-------------------------------------------------------------------------------------

The association between the prognosis of patients with ICC and the relative expression of CPS1 mRNA and CPS1-IT1 was investigated ([Table II](#tII-mmr-12-06-7915){ref-type="table"}). In samples in which the relative expression of CPS1 mRNA in tumor tissues increased 4-fold and 5-fold compared with non-tumorous tissues, a significant effect on the disease-free survival and overall survival of patients with ICC was observed (P4-free=0.034, P5-sur=0.032; [Fig. 5A and B](#f5-mmr-12-06-7915){ref-type="fig"}). The relative expression of CPS1-IT1 in tumor tissue appeared to affect the disease-free survival when the levels increased greater than 4-fold, however the overall survival rates were not significantly altered (P4-free=0.026, P4-sur=0.192; [Fig. 5C and D](#f5-mmr-12-06-7915){ref-type="fig"}).

Clinicopathological significance of CPS1 mRNA and CPS1-IT1 relative expression in ICC
-------------------------------------------------------------------------------------

The clinicopathological features analyzed with respect to the relative expression status of CPS1 mRNA and CPS1- IT1 are presented in [Table III](#tIII-mmr-12-06-7915){ref-type="table"}. The comparisons between the high CPS1 expression group and the low expression group indicated significant differences in international normalized ratio (INR) (P=0.048), total protein (P=0.049), indirect bilirubin (P=0.025), alkaline phosphatase (ALP; P=0.003) and disease-free survival (P=0.034); furthermore, there were differential trends in carbohydrate antigen 19-9 (CA19-9; P=0.068), globulin (P=0.052), and total bilirubin (P=0.066). The comparisons between the high CPS1-IT1 expression group and the low expression group revealed significant differences in lymphatic invasion (P=0.045), CA19-9 (P=0.044) and disease-free survival (P=0.026); there were also differential trends in ALP (P=0.085). However, no significant differences were observed with respect to age, gender, tumor size or vascular invasion with either CPS1 mRNA or CPS1-IT1. These data suggest that CPS1 and CPS1-IT1 are associated with poor liver function and increased lymph node invasion in patients exhibiting a ≥4-fold increase in expression in cancer tissues.

Discussion
==========

Studies on the pathogenesis and prognosis of ICC have gained interest worldwide. Approximately 18% of protein-coding genes have been demonstrated to transcribe lncRNAs, and lncRNA expression is associated with cancer ([@b35-mmr-12-06-7915]). However, the expression and role of lncRNAs in ICC remain to be fully elucidated.

Converting toxic ammonium into less toxic urea is one of the major functions of the liver and is accomplished via the urea cycle ([@b36-mmr-12-06-7915],[@b37-mmr-12-06-7915]). CPS1 protein, which is expressed by the CPS1 gene, is the first key enzyme in this process and serves important roles in the urea cycle ([@b24-mmr-12-06-7915]). The lncRNA CPS1-IT1 is transcribed by the CPS1 gene from 211,482,295-211,484,600 base pairs and encodes an RNA molecule 2,306 bases in length (<http://www.genecards.org/cgi-bin/carddisp.pl?gene=CPS1-IT1&keywords=CPS1-IT1>).

The level of CPS1 expression varies in numerous types of human cancer tissue, and its clinical significance remains to be fully elucidated ([@b38-mmr-12-06-7915],[@b39-mmr-12-06-7915]). Approximately 70.5% of cases of gastric carcinoma have been reported to be CPS1-positive, and CPS1 may be used as a marker for diagnosis ([@b38-mmr-12-06-7915]). In hepatocellular carcinoma tissue, the expression of CPS1 is reduced due to DNA methylation ([@b39-mmr-12-06-7915]). The present study in ICC demonstrated for the first time, to the best of our knowledge, that CPS1 and CPS1-IT1 are simultaneously overexpressed in cancer tissues relative to non-tumorous tissues, and that high expression of CPS1 and CPS1-IT1 correlates with poor prognosis.

In the current study the expression of CPS1 protein in ICC tissues was assessed using western blotting and immunohistochemical staining. Furthermore, the differential expression of CPS1 mRNA and CPS1-IT1 was measured in a normal cell line, ICC cell line and hepatocellular carcinoma cell lines by RT-qPCR ([Fig. 2](#f2-mmr-12-06-7915){ref-type="fig"}). Additionally, immunofluorescence, flow cytometry analysis and a CCK8 *in vitro* proliferation assay demonstrated that CPS1 and CPS1-IT1 promote proliferation and inhibit apoptosis in ICC cells ([Figs. 3](#f3-mmr-12-06-7915){ref-type="fig"} and [4](#f4-mmr-12-06-7915){ref-type="fig"}). Notably, the expression of CPS1 and CPS1-IT1 are correlated; CPS1-IT1 expression increased with increasing CPS1 expression ([Fig 1B](#f1-mmr-12-06-7915){ref-type="fig"}). These data suggest that CPS1 and CPS1-IT1 may affect ICC together. However, the mechanisms of interaction among these two products remain unclear and require further study.

The effect of CPS1 and CPS1-IT1 expression on the prognosis of patients with ICC was analyzed. However, there are no uniform standards defining increased and reduced expression levels. Therefore, a preliminary analysis was conducted to determine this standard ([Table II](#tII-mmr-12-06-7915){ref-type="table"}). These results indicated that increased expression of CPS1 or CPS1-IT1 (4 to 5-fold change) impacted on the survival rates of patients with ICC ([Table II](#tII-mmr-12-06-7915){ref-type="table"}). CPS1 and CPS1-IT1 levels affected the disease-free survival rate when expression levels were elevated greater than 4-fold. It is possible that the overall survival rate is affected by numerous factors, such as variance in patient motivation to receive continued treatment.

Notably, the clinicopathological features analysis indicated that increased expression of CPS1 correlated with greater INR, total protein and ALP levels, and a reduced indirect bilirubin level. In addition, with increasing CPS1-TI1 expression, increased lymphatic invasion and CA19-9 positivity was observed ([Table III](#tIII-mmr-12-06-7915){ref-type="table"}). These correlations suggest that the expression of CPS1 and CPS1-IT1 may be associated with poor liver function and prognosis. However, the present study had a small sample size (31 specimens). The impact of CPS1 expression on CA19-9, globulin and total bilirubin levels, and of CPS1-IT1 expression on ALP levels, exhibited a non-significant trend ([Table III](#tIII-mmr-12-06-7915){ref-type="table"}). Further studies with larger samples are required to confirm the significance of these associations.

Currently, ICC is difficult to treat for numerous reasons. The clinical presentation of ICC is non-specific and insufficient to establish a diagnosis. Patients with early stage disease are often asymptomatic, and those receiving treatment will have entered the advanced stages, thus may no longer be eligible for surgery ([@b8-mmr-12-06-7915]). At present, CA19-9 is the primary tumor marker used to diagnose ICC and may be used preoperatively to assess tumor prognosis ([@b40-mmr-12-06-7915]). However, the sensitivity and specificity of CA19-9 for ICC is 62% and 63%, respectively ([@b41-mmr-12-06-7915]). Furthermore, patients with unresectable ICC typically have significantly increased CA19-9 levels compared with patients with resectable ICC ([@b42-mmr-12-06-7915]). Previous studies have reported that miRNA and non-coding RNA may be used to diagnose ICC alone or in combination ([@b43-mmr-12-06-7915]--[@b45-mmr-12-06-7915]). The current study demonstrates that with increasing expression of CPS1-IT1, the CA19-9 positive rate is greater (P=0.044), indicating that CPS1-IT1 may be a potential biomarker for ICC.

In conclusion, the current study demonstrated that the expression levels of CPS1 and CPS1-IT1 were increased in ICC tissues and cell lines. Together, CPS1 and CPS1-IT1 promoted ICC cellular proliferation. The overexpression of CPS1 was associated with poor liver function and poorer prognosis in patients with ICC. CPS1 and CPS1-IT1 may represent potential biomarkers and prognosis indicators for patients with ICC. Further basic and clinical studies with larger sample sizes that focus on the underlying mechanisms should be performed.
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![CPS1 and CPS1-IT1 were upregulated in ICC specimens. (A) The gene and long non-coding RNA expression fold changes and P-values between ICC tissues and adjacent non-tumorous tissues. The points in the upper left and upper right areas of the 6-lattice region divided by the three dotted lines represent notable factors with respect to fold change and P-value. (B) The relative expression (fold change) of CPS1 mRNA and matched CPS1-IT1 expression level in cancer tissues. (C) CPS1 and (D) CPS1-IT1 mRNA expression in tumorous and non-tumorous tissue of patients with ICC using reverse transcription-quantitative polymerase chain reaction. The expression level is presented as the ΔCt values (n=31). CPS1, carbamoyl-phosphate synthase 1; CPS1-IT1, CPS1 intronic transcript 1; ICC, intrahepatic cholangiocarcinoma; NT, non-tumorous.](MMR-12-06-7915-g00){#f1-mmr-12-06-7915}

![CPS1 mRNA and CPS1-IT1 expression in ICC specimens and cell lines by western blotting, RT-qPCR and immunohistochemistry. (A) The CPS1 protein levels in ICC specimens of patients 11, 15, 22 and 28. The expression of (B) CPS1 mRNA and (C) CPS1-IT1 in L-02 normal liver cells, ICC-9810 cells and HepG2, MHCC-97L, Huh-7 and Bel-7402 hepatocellular carcinoma cell lines using RT-qPCR. The ΔCt values of CPS1 mRNA and CPS1-IT1 in the ICC-9810 cells were significantly reduced compared with the expression in the L-02 cells (P= 0.05). (D) Normal human liver tissue, HCC tissue and ICC tissue stained with anti-CPS1 antibodies. The ICC tumor tissues exhibited greater CPS1 immunoreactivity compared with normal liver tissue and HCC tumor tissue. Magnification, ×20. CPS1, carbamoyl-phosphate synthase 1; CPS1-IT1, CPS1 intronic transcript 1; ICC, intrahepatic cholangiocarcinoma; RT-qPCR, reverse transcription-quantitative polymerase chain reaction; HCC, human hepatocellular carcinoma; N, adjacent non-tumor tissue; T, tumor tissue.](MMR-12-06-7915-g01){#f2-mmr-12-06-7915}

![Cell proliferation and apoptosis in the different groups. (A) The expression of CPS1 mRNA and CPS1-IT1 in the cell groups. P1=0.005; P2=0.018; P3=0.001; P4=0.006. (B) Cell Counting Kit-8 determination of cell proliferation. The OD 450 values of the scramble group were significantly different from the three knockdown groups on days 3 and 4. ^\*\*\*^P\<0.001. The rate of apoptosis in the (C) scramble, (D) siCPS1, (E) siCPS1-IT1 and (F) siCPS1 + siCPS1-IT1 groups was measured by annexin V-FITC and PI staining. Apoptotic cells were calculated as the upper right + lower right quadrants. The values are: Scramble, 2.742%; siCPS1, 3.126%; siCPS1-IT1, 10.021%; and siCPS1 + siCPS1-IT1, 15.49%. CPS1, carbamoyl-phosphate synthase 1; CPS1-IT1, CPS1 intronic transcript 1; si, short interfering; OD, optical density; FITC, fluorescein isothiocyanate; PI, propidium iodide.](MMR-12-06-7915-g02){#f3-mmr-12-06-7915}

![Immunofluorescence with Ki67 and DAPI in different ICC cell groups. Top line, scramble ICC cell group; second line, CPS1 knockout ICC cell group; third line, CPS1-IT1 knockout ICC cell group; and the bottom line, CPS1 + CPS1-IT1 knockout ICC cell group. The left column was stained with Ki67 to indicate proliferation; the middle column was stained with DAPI to indicate the nuclei; and the right column contains the merged images. The intensity of Ki67 staining was reduced in ICC cells in which CPS1, CPS1-IT1 or both were knocked down compared with the scramble group. DAPI, 4′,6-diamidino-2-phenylindole; ICC, intrahepatic cholangiocarcinoma; CPS1, carbamoyl-phosphate synthase 1; CPS1-IT1, CPS1 intronic transcript 1.](MMR-12-06-7915-g03){#f4-mmr-12-06-7915}

![Association of CPS1 and CPS1-IT1 expression with prognosis. (A) CPS1 mRNA disease-free survival rate curves: High expression group (n=10), CPS1 mRNAGAPDH ≥4; low expression group (n=21), CPS1 mRNAGAPDH \<4 (P4-free=0.034). (B) CPS1 mRNA overall survival rate curves: High expression group (n=6), CPS1 mRNAGAPDH ≥5; low expression group (n=25), CPS1 mRNAGAPDH \<5 (P5-sur=0.032). (C) CPS1-IT1 disease-free survival rate curves: High expression group (n=22), CPS1-IT1u6 ≥4; low expression group (n=9), CPS1-IT1u6 \<4 (P4-free=0.026). (D) CPS1-IT1 overall survival rate curves: High expression group (n=22), CPS1-IT1u6 ≥4; low expression group (n=9), CPS1-IT1u6 \<4 (P4-sur=0.192). CPS1, carbamoyl-phosphate synthase 1; CPS1-IT1, CPS1 intronic transcript 1; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; P4-free, the P-value of the disease-free survival rate associated with a 4-fold change; P5-sur, the P-value of the overall survival rate associated with a 5-fold change; P4-sur, the P-value of the overall survival rate associated with a 4-fold change.](MMR-12-06-7915-g04){#f5-mmr-12-06-7915}

###### 

Genes and lncRNAs with the most significantly different expression levels between intrahepatic cholangiocarcinoma and non-tumorous tissues assessed by bioinformatics analysis.

  Gene/lncRNA   Tumor    Non-tumor   Log2 (fold change)   P-value
  ------------- -------- ----------- -------------------- --------------
  NR1I3         34.40    39.04       4.80                 8.93×10^−22^
  CYP2A13       32.93    38.15       5.81                 2.47×10^−21^
  HGFAC         32.76    37.67       3.37                 4.29×10^−21^
  CYP4A22       31.74    37.40       4.78                 5.82×10^−21^
  FAM99A        29.92    36.17       4.76                 2.28×10^−20^
  CPS1-IT1      29.57    35.92       5.42                 3.00×10^−20^
  HAO2          28.55    35.19       5.80                 6.73×10^−20^
  APOF          27.67    34.53       6.35                 1.39×10^−19^
  GYS2          27.66    34.52       5.97                 1.40×10^−19^
  APOA5         27.42    34.33       3.79                 1.71×10^−19^
  GLYAT         27.35    34.27       5.77                 1.82×10^−19^
  MASP2         27.18    34.14       4.55                 2.10×10^−19^
  ADRA1A        27.171   34.14       4.12                 2.11×10^−19^
  PRODH2        26.66    33.73       2.63                 3.27×10^−19^
  ABCB11        26.30    33.44       5.02                 4.47×10^−19^
  APOM          26.16    33.33       4.22                 5.07×10^−19^
  CYP8B1        26.05    33.23       4.87                 5.61×10^−19^
  SLC27A5       25.97    33.17       4.41                 6.01×10^−19^
  C3P1          25.88    33.10       4.70                 6.47×10^−19^
  SULT2A1       25.27    32.58       6.02                 1.12×10^−18^
  CCL16         25.24    32.56       4.50                 1.15×10^−18^
  F13B          25.07    32.42       5.12                 1.34×10^−18^
  ARG1          24.97    32.32       5.72                 1.48×10^−18^
  FETUB         24.66    32.05       5.12                 1.97×10^−18^
  SPP2          24.36    31.80       5.27                 2.59×10^−18^
  CPS1          11.43    15.54       6.78                 3.87×10^−11^

lncRNA, long non-coding RNA.

###### 

Survival analysis with different fold changes of CPS1 and CPS1-IT1.

  Fold change   CSP1    CSP1-IT1                           
  ------------- ------- ---------- ------- ------- ------- -------
  1             26/5    0.531      0.574   31/0            
  2             21/10   0.068      0.290   24/7    0.616   0.810
  3             18/13   0.211      0.239   23/8    0.179   0.432
  4             10/21   0.034      0.441   22/9    0.026   0.192
  5             6/25    0.008      0.032   19/12   0.045   0.435
  6             4/27    0.047      0.174   19/12   0.045   0.435
  7             3/28    0.121      0.454   18/13   0.049   0.532
  8             3/28    0.121      0.454   16/15   0.004   0.338
  9             3/28    0.121      0.454   10/21   0.002   0.309
  10            3/28    0.121      0.454   8/23    0.006   0.106
  11            3/28    0.121      0.454   5/26    0.017   0.074
  12            3/28    0.121      0.454   5/26    0.017   0.074

CPS1, carbamoyl-phosphate synthase 1; CPS1-IT1, CPS1 intronic transcript 1.

###### 

The clinicopathological significance of CPS1 mRNA and CPS1-IT1 relative expression in intrahepatic cholangiocarcinoma.

  Clinicopathological factor           CPS1          CPS1-IT1                                            
  ------------------------------------ ------------- ------------- ------- -------------- -------------- -------
  Gender                                                           1                                     0.693
   Male                                10            4                     9              5              
   Female                              11            6                     13             4              
  Age (y)                              57.24±10.84   56.20±9.47    0.672   57.55±8.71     55.33±13.89    0.862
  Diameter (cm)                        6.88±3.33     7.60±5.44     0.798   7.37±4.42      6.48±3.09      0.677
  Lymph node invasion                                              0.129                                 0.045
   Absent                              10            8                     10             8              
   Present                             11            2                     12             1              
  Vascular invasion                                                0.634                                 0.642
   Absent                              16            9                     17             8              
   Present                             5             1                     5              1              
  Carbohydrate antigen 19-9                                        0.068                                 0.044
   Absent                              12            2                     7              7              
   Present                             9             8                     15             2              
  International normalized ratio (%)   1.02±0.14     0.94±0.07     0.048   0.96±0.06      1.09±0.20      0.175
  Total protein (gdl)                  71.65±7.15    67.40±4.02    0.049   69.83±5.84     71.41±8.34     0.233
  Globulin (gdl)                       30.39±5.91    28.21±11.31   0.052   30.05±8.56     28.80±6.46     0.896
  Bilirubin (total; *µ*moll)           14.97±15.05   15.93±6.46    0.066   1.45±0.52      11.40±4.29     0.170
  Bilirubin (indirect; *µ*moll)        7.57±3.23     11.13±5.44    0.025   9.47±4.74      6.89±2.37      0.192
  Alkaline phosphatase (Ul)            155.9±92.98   90.30±26.40   0.003   132.41±96.70   140.44±38.00   0.085
  Disease-free survival time (days)    14.57±10.81   7.80±7.02     0.034   9.36±8.44      19.78±10.64    0.026
  Overall survival time (days)         19.33±11.03   16.20±11.79   0.441   15.91±10.62    24.22±10.72    0.192

CPS1, carbamoyl-phosphate synthase 1; CPS1-IT1, CPS1 intronic transcript 1.
